The most widespread analysis of flavonoids of the genus Dryopteris was carried out by Hiraoka [5] who showed that eighteen Japanese Dryopteris species belonging to sections Dryopteris and Erythrovariae may be divided into three and two groups, respectively, according with results based on cytological and morphological data. An unusual flavonoid in which the methyl of the acetoxyl group of 3, 7,3´,4´-tetrahydroxy-5-acetoxyflavan is further bound to C-4 of the ring has been found in Dryopteris filix-mas (L.) Schott [6] whereas kaempferol 7-O-(6´´-succinylglucoside) has been identified [7] in four Dryopteris species and 3-deoxyanthocyanins have been found in red sori of Dryopteris erythrosora [8] . Flavonoids of Dryopteris villarii (Bellardi) Schinz & Thell have recently been studied for the first time [9, 11] ; these investigations identified seven flavonoid glycosides (based on kaempferol, quercetin and apigenin), three acetylated flavonoid glycosides (based on kaempferol and quercetin) and quercetin 3-O-(acetylcinnamoylglucoside); in addition three free aglycones (kaempferol, quercetin and apigenin) have been identified. The present paper deals with identification of four flavonoids (1-4) from Dryopteris villarii . These products were isolated by preparative paper chromatography followed by column chromatography on Sephadex LH-20.
It is well known [1] that flavonoid analysis is of interest in chemotaxonomy of ferns; in addition previous work has led to the isolation of a number of new [2, 3] and bioactive flavonoids [4] from ferns. However, flavonoid data are scanty for most fern families.
The most widespread analysis of flavonoids of the genus Dryopteris was carried out by Hiraoka [5] who showed that eighteen Japanese Dryopteris species belonging to sections Dryopteris and Erythrovariae may be divided into three and two groups, respectively, according with results based on cytological and morphological data. An unusual flavonoid in which the methyl of the acetoxyl group of 3, 7,3´,4´-tetrahydroxy-5-acetoxyflavan is further bound to C-4 of the ring has been found in Dryopteris filix-mas (L.) Schott [6] whereas kaempferol 7-O-(6´´-succinylglucoside) has been identified [7] in four Dryopteris species and 3-deoxyanthocyanins have been found in red sori of Dryopteris erythrosora [8] . Flavonoids of Dryopteris villarii (Bellardi) Schinz & Thell have recently been studied for the first time [9, 11] ; these investigations identified seven flavonoid glycosides (based on kaempferol, quercetin and apigenin), three acetylated flavonoid glycosides (based on kaempferol and quercetin) and quercetin 3-O-(acetylcinnamoylglucoside); in addition three free aglycones (kaempferol, quercetin and apigenin) have been identified. The present paper deals with identification of four flavonoids (1-4) from Dryopteris villarii . These products were isolated by preparative paper chromatography followed by column chromatography on Sephadex LH-20.
Color reactions (brown to yellow in UV+ NH 3 ) , R f values and UV spectral analysis [10] in the presence of the customary shift reagents (see Experimental) suggested that flavonoid 1 may be a flavonol glycoside with free hydroxyl groups at positions 5, 7, 3´ and 4´. Acid hydrolysis gave quercetin and D-glucose; alkaline hydrolysis gave quercetin 3-O-glucoside. Color reactions (brown to yellow in UV+ NH 3 ), R f values and UV spectral analysis [10] in the presence of the customary shift reagents (see Experimental) showed that flavonoid 2 may be a flavonoid glycoside acylated with a hydroxycinnamic acid since the UV spectrum of hydroxycinnamic acid is superimposed on the spectrum of a flavonoid [12] ; in addition hydroxyl groups at position 5 and 7 must be free (shifts with AlCl 3 /HCl and NaOAc respectively). Both total acid hydrolysis and controlled acid hydrolysis gave apigenin and D-glucose whereas alkaline hydrolysis gave p-coumaric acid and apigenin 4´-O-glucoside. Methylation followed by acid hydrolysis gave 2,3,4-tri-O-methyl-D-glucose. Color reactions (brown to yellow in UV+ NH 3 ), R f values and UV spectral analysis [10] 
The presence of four acylated flavonoid glycosides previously reported in Dryopteris villarii [9, 11] and identification of three further acylated flavonoid glycosides (1-3) in this fern show that Dryopteris villarii has a number of acylated flavonoid glycosides (including four acetates) which are generally absent from Dryopteris species with a single exception, the presence of kaempferol 7-O-(6´´-succinylglucoside) in four Dryopteris species [7] . However, as pointed up by Williams and Harborne [13] , acetyl groups may be lost by acid hydrolysis since acetic acid is volatile; the increasing number of acetylated flavonoid glycosides reported from plants in recent years may be due to the use of NMR spectrometry and mass spectrometry. The new flavonoid quercetin 3-O-(2,3,6-triacetylglucoside) (1) is the first flavonoid glycoside from ferns having three acyl substituents. The new flavonoid 2 (apigenin 4´-O-(6´´-p-coumaroylglucoside)) is the first acylated flavone glycoside from ferns. Flavonoid 3 (kaempferol 3-O-(6´´-acetylglucoside)-7-O-rhamnoside) is a new fern constituent; this product has previously been found [15] in the fern Equisetum telmateja. It has been reported [14] that kaempferol 3, 7-di-O-rhamnoside (4) has effects (hypertension and bradycardia) on the rabbit cardiovascular system; this flavonoid has previously been found in the ferns Pilularia globulifera [3] , Asplenium trichomanes-ramosum [3] , Asplenium trichomanes [1] , Onichium japonicum [1] and Thelipteris torresiana [16] . 
Total acid hydrolysis:
The flavonoid (about 0.5 mg) in 2N HCl (20 ml) was heated in a water bath for 2 hr.Distillation in vacuo gave a residue which was kept in a disseccator in vacuo over KOH pellets overnight. Carbohydrates were identified by silica gel TLC (n-butanol-acetic acid-ethyl ether-water, 9:6:3:1); the spots were detected with aniline phosphate at 80°C. Aglycones were identified by paper chromatography (acetic acid-37% HCl-water, 30:3:10); the spots were detected under UV light at 365 nm (without and with NH 3 vapour) and by Naturstoffreagenz (diphenyl-boric acid-ethanolamine in methanol (1%) ).
Controlled acid hydrolysis:
The flavonoid (about 0.5 mg) in 10% acetic acid (20 ml) was refluxed for 3.5 hr.Distillation in vacuo gave a residue in which carbohydrates and aglycones were identified as above.
Alkaline hydrolysis:
The flavonoid (about 0.5 mg) in 2N NaOH (2ml) was kept at room temperature for 2 hr in a sealed tube. The hydrolysate was acidified with 2N HCl and extracted ( 3×) with ethyl acetate (4 ml). The organic solvent was evaporated in vacuo and the residue was analysed for hydroxycinnamic acids by paper chromatography (benzene-acetic acidwater 6:7:3, upper phase); the spots were detected under UV light at 365 nm without and with NH 3 vapour. Deacylated flavonoid glycosides were identified by paper chromatography in BAW and in 15% acetic acid.
Methylation:
To a solution of flavonoid (about 1 mg) in N,N-dimethylformamide (2 ml), methyl iodide (2 ml) and silver oxide (0.5 g) were added. The mixture was kept at room temperature for 18 hr in the dark under stirring and filtered. After evaporation to dryness under reduced pressure, the residue was hydrolysed with 0.3 N HCl (4 hr under reflux).The solution was taken to dryness under reduced pressure and analysed for methylated sugars according to Petek [17] and by TLC on silica gel (solvent mixture:chloroform-ethyl acetate 1:1).
